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SUMMARY AND CONCLUSIONS 
China has a rich history of agricultural production practices involving 
the intensive and regenerative use of her soil and other natural resources. 
The challenge of having to feed a population in excess of 1 billion people 
that continues to grow and has become more well-to-do, especially in the last 
decade, is awesome. 
Because of intense pressure for added food production, China has been 
forced to shift toward the heavy use of externally-produced, purchased inputs 
to complement her traditional internally-produced inputs and farming 
practices. China's farming communities that once were largely self-sufficient 
now have many, varied linkages with the "outside world." Between 1965 and 
1988, for example, the total industrialized energy used in China's agriculture 
increased by nearly 14 times. China is now the world's largest user of 
manufactured fertilizers. Chinese farmers currently purchase and use 2.5 
times as much inorganic fertilizer per hectare per season as farmers do in the 
U.S. The overall energy intensity of Chinese agriculture, as measured by the 
kilo-calories of industrial energy consumed per kilogram of foodgrain 
produced, is now comparable with that in the U.S. 
Certain destructive impacts on environment have accompanied China's 
efforts to meet her food production and other economic and social needs. 
These impacts are felt most seriously in vegetative destruction, soil erosion, 
land quality deterioration, water pollution, and water resource depletion. 
Since Independence in 1949, for example, it is estimated that (1) forest cover 
has dropped from 20% to less than 12% of the land area in Sichuan Province, 
(2) the desertified area in the country has more than doubled, (3) soil 
erosion along the Yangtze River has doubled, and (4) the proportion of "highly 
productive" farmland in China has decreased from one-third to one-fifth. A 
recent survey of 878 rivers in China showed 82% of the rivers to be polluted 
and 5% of the total river length to be fishless. The increasing demands on 
China's water resources is resulting in "groundwater-funnels" around urban and 
industrial centers and, more generally throughout the country, in declining 
groundwater tables and reservoir/lake levels (e.g., In Hubei Province, the 
total number of lakes has diminished from 1,066 in 1949 to 326 in the late 
1980s and the land area covered by the lakes has decreased by three-fourths). 
A key challenge in the future agricultural development of China is to 
determine and pursue as appropriate as possible a blend of traditional and 
modern agricultural inputs and practices. To move strongly and quickly away 
from the current use of modern inputs would almost inevitably lead to 
immediate production disasters. For the recent pace of adoption of certain 
external modern inputs to be perpetuated, however, would almost inevitably 
exacerbate some of the environmental problems that have already become acute. 
China's search for a redefined balance between traditional and modern 
agricultural inputs and practices is embodied in what has come during the 
1980s to be called "ecological" agriculture. "Ecological" agriculture in 
China is similar in several respects to "sustainable" agriculture as this term 
is used generally in the West. Both types of agriculture have a very definite 
holistic systems orientation, both are concerned with long-term environmental/ 
socio/economic sustainability, and both give major attention to crop rotations 
and other soil building practices. 
In some ways, however, "ecological" agriculture in China differs from 
"sustainable" agriculture in the West. China emphasizes (1) enterprise 
integration and (2) nonagricultural employment and income-generation options 
more than is generally true with "sustainable" agriculture in the West. On 
the other hand, reduced synthetic chemical {inorganic fertilizers and 
pesticides) use tends to receive less explicit, lower relative priority in 
Chinese "ecological" agriculture than in Western "sustainable" agriculture. 
To some extent, trade-offs are inherent in individual producers and a 
nation realizing simultaneous progress toward achieving production and 
environmental goals. On the other hand, such trade-offs are not necessarily 
inevitable. China is searching for a common meeting ground in achieving 
production and environmental objectives through her "ecological" agriculture 
efforts. She is doing so via over 1,100 pilot ecological villages across the 
country. 
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Field visits to five of these pilot villages and a review of literature 
indicate an intense recycling of resources within the respective local 
economies of these villages and many intertwined linkages between and among 
enterprises in the respective villages. Levels of individual family and 
village production and income have increased a great deal. Though not 
systematically analyzed, it appears that the considerably intensified 
production systems may not require purchase of more external resources than 
were required in the before-project situations in the villages. External fuel 
energy resources, vegetative destruction, and soil erosion are definitely less 
in the after-project conditions in the pilot villages. Impacts on other 
aspects of the environment are known with less certainty. 
A high priority need in the next generation of research is to further 
determine interactions between production and environment in China's pilot 
ecological villages. China's experience with "ecological" agriculture will 
almost certainly provide important insights to the community of nations 
struggling with challenges similar to those in China. 
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SUSTAINABLE AGRICULTURE DEVELOPMENT IN CHINA: 
REPORT OF A FIELD VISIT 
by Donald C. Taylor 
INTRODUCTION 
This report is based on a field trip to China which I took on May 25-
June 24, 1990 and a review of recent literature on agricultural development in 
China. My field trip involved visits to agricultural universities and 
research institutes and related organizations in Harbin in northeastern China, 
Beijing and Nanjing in east central China, Gufngzhou in the southeast, and 
Chongqing-Beibei in the southwest (Figure 1) . During my stay in China on 
May 25-June 12, I visited Harbin, Beijing, Nanjing, and Guangzhou as a member 
of a People-to-People Citizen �mbassador Delegation on Sustainable Agriculture 
led by the late Robert Rodale. During June 13-24, I visited institutions in 
Nanjing, Beijing, and Chongqing-Beibei on behalf of the Winrock International 
Institute for Agricultural Development. 
The purpose of this report is to convey an overview of the development 
of agriculture in China, with particular emphasis on intensity of resource 
utilization and its possible future implications for a more sustainable 
agriculture in China. Attention is given to (1) China's historical practice 
of intensive and self-sufficient agriculture, (2) the tremendous movement over 
the past two decades toward an agriculture dependent on external resources, 
and (3) initiatives currently being taken to more intensively recycle 
resources within Chinese farm production units and otherwise adopt farming 
technologies that treat the environment more benignly. 
CHINA'S AGRICULTURAL RESOURCES AND PRODUCTION IN PERSPECTIVE 
China's population of 1.1 billion represents 22% of the world's 
population. Yet, China has only 7% of the world's arable land area (Li and Li 
1990) . The pressure of population on China's land resources is reflected in a 
per capita cropland availability in China of 0.09 ha (0. 225 acre) (Table 1). 
This cropland availability is less than one-third of the average for the world 
and about one-ninth of that in the U. S. 
Intense population pressure, coupled with the implications of rapidly 
rising per capita incomes over the past decade (Carter and Zhong 1988; Johnson 
1989; Pinstrup-Andersen, et al. 1990), imply a heavy demand on China's food 
1 See Annex A for a list of the institutions which I visited in China. 
2on September 20, 1990, Robert Rodale was killed in an automobile 
accident in Moscow. 
Figure 1. Map of China. 
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Table 1. Measures of per capita agricultural resources, cereal production, and 
food consumption, China and selected countries and world regions, 1987. 
Agricultural resources 
Fertilizer use:kg/ha Cereal Food consumption: 
of cultivated land grain dail1 intake8 
Country/ Cropland N+P205 production Total Protein 
region (ha) Nitrogen +K20 (kg) calories Total Animal 
China 0. 09 175.2 236. 5 333 2, 628 62. 0 10.3 
Japan 0. 04 142. 1 432. 7 119 2, 858 88. 0 46.4 
India 0.21 34.5 53. 6 193 2, 204 53.9 7. 0 
Mexico 0.30 54.4 75.3 284 3, 148 82. 0 29. 4 
U. S. A. 0. 78 50.0 93. 3 1, 147 3, 642 106. 5 70.9 
Western 
Europe 0.25 117 .9 230.2 491 3, 383 100. 8 59.8 
World 
Average 0.29 51.6 95. 4 359 2, 694 70. 3 24.1 
Source: FAO (l989) . 
8The data for food consumption are for 1984-86. 
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production capacity. To help meet this demand, China's use of chemical 
fertilizers has increased tremendously. China is now the world's largest user 
of manufactured fertilizers (Stone 1989) . China's per-hectare, per-season 
use of inorganic nitrogen, phosphorous, and potassium is on a par with that in 
Western Europe, 2. 5 times as much as that in the U.S. and on the average in 
the world, and 4. 4 times as much as that in India (Table 1). China's use of 
nitrogen, relative to that in other countries and world regions, is even 
greater. These heavy fertilization levels imply (1) a substantial loading of 
chemicals on the soils of China every year and (2) a constraint on the 
possibility of heavier fertilization enabling future increases in crop yields 
in China. 3 
On a per capita basis, China's annual cereal production of 333 kg is 
only slightly less (7%) than the average for the world. China's per capita 
cereal grain production is 2. 8 times that in Japan, 1. 7 times that in India, 
but less than one-third as much as that in the U. S. China's per capita 
caloric food consumption is roughly on par with that on the average in the 
world and is nearly one-fifth more than that in India. China's per capita 
total protein consumption, however, is one-eighth less than that on the 
average for the world and one-eighth higher than that in India. Animal 
protein consumption in China, while increasing much during the past 12 years 
(Pinstrup-Andersen, et al. 1990), is still only two-fifths of that on the 
average for the world and only one-seventh of that in the U. S. 
One rather unique feature of rural China is the emergence and recent 
rapid growth of rural nonagricultural enterprises. The 1978 Economic Reform 
provided a new institutional situation in which (1) rural households began to 
derive benefit in quite direct relation to the production efforts undertaken 
by them and (2) the prohibitions on nonagricultural economic activities in 
rural areas were virtually eliminated. Nonagricultural employment in rural 
areas increased from about 30 millions before 1978 to about 80 millions in 
1989. 4 In 1988, the gross value of output of rural industries exceeded the 
gross value of farm production (Johnson 1989). 
Almost all of this rural industrial expansion has been with local 
ingenuity and resources, rather than with investments from federal and 
provincial governments. A significant, though unknown, part of the increase 
in rural family incomes has been associated with the large transfer of labor 
3Since multiple cropping (more than one crop per year on a given piece of 
land) is common in China, the loading of chemicals onto the soil is more 
extreme in China than that implied by the comparative per-season chemical 
fertilizer applications for Western Europe and the U.S. where single cropping 
dominates. 
National aggregate-level data are used in this paper. For illustrative 
regional analyses of food and feed grain production and input use in China, 
see Stone (1986), Carter and Zhong (1988), and Webb (1990). 
4This increase in employment over 10 years is equal to one-half of the 
U.S. 's total employment in 1980 (Johnson 1989). 
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from farming into more productive rural industrial activity (Han 1989; Johnson 
1989; Byrd and Lin 1990; Liu 1990}. Rural nonagricultural enterprises cover 
all but one of the 14 principal subsectors of Chinese industry, with petroleum 
the exception. The most important of the 14 subsectors for rural industry are 
machinery, construction materials, textiles, chemicals, and food processing 
(Byrd and Lin 1990).5 
AGRICULTURAL PRODUCTION 
From 1949 to 1989, China's total grain production increased by about 3.5 
times (Figure 2). The overall trend over the 40-year period has been strongly 
upward. The three most pronounced deviations from the general upward trend 
are (l} production dropping nearly 30% during the late 1950s due to "Great 
Leap Forward" policy shortcomings (Carter and Zhong 1988; Johnson 1988; Niu 
5A recently published book by Byrd and Lin (1990) provides an informative 
and deeply insightful account of the institutional framework, historical 
background, and present situation and importance of China's township, village, 
and private enterprise (TVP) sector. On p vii, they summarize seven 
noteworthy features of China's TVP sector: 
- Dynamism: output has been doubling every 3 to 4 years and 
hundreds of thousands of new firms have emerged each year on 
average; 
- Competitiveness: the sector has gained a large share of 
the domestic market for many industrial goods and has penetrated 
some export markets as well; 
- Small scale: although enterprises of substantial size 
exist, especially in the more developed areas, most firms are 
small concerns with only a few score employees and about Yuan 
100,000 ($21,000 in 1990 U.S. dollars) in assets; 
- Diversity: there is great geographic variety in ownership, 
institutional arrangements, level of development, and degree of 
industrialization; 
- Outward orientation: most output, especially of 
manufactured goods, is sold outside the community or locality in 
which it is produced; 
- Community orientation: nearly all TVPs are tied in complex 
ways to their rural communities, and they would not consider 
relocating; and 
- Factor immobility: like the enterprises themselves, 
factors of production and human talent are largely immobile across 
localities and communities. 
Figure 2. Total grain production, population, and per capita grain production, China, 1949-1989. 
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1989), 6 (2) the rate of production increase accelerating between 1978 and 
1984--importantly because of greater production incentives arising from the 
post-1978 Reform which led to the development of the rural household 
production responsibility system (Lin 1988; Carter and Zhong 1988; Han 1989; 
McMillan, et al. 1989), 7 and (3) production more or less leveling off since 
1984. 8 
Except for a small interruption during the late 1960s, China's 
population has shown a strong upward trend since 1949. The rate of increase 
since 1975 has been somewhat less than during the prior 15 years. 9 The 
pattern of per capita grain production--reflecting the combined effects of 
changes in total grain production and population--shows a definite upward 
trend since 1949, but with several interruptions in the upward trend. Most 
9 
6carter and Zhong (1988) also indicate that "poor weather" contributed to 
the substantial decline in total grain production during the late 1950s. 
7carter and Zhong (1988) indicate that, by the end of 1984, about 98% of 
total rural households were involved in various types of rural household 
production responsibility systems. For selected descriptions and analyses of 
the post-1978 rural economic reform in China, see Johnson (1988), Lin (1988), 
Johnston 1989; HcHillan, et al. (1989), and Webb and Crook (1990). For an 
account of the operation of credit markets under the rural household 
production responsibility system, see West (1990). 
Tuan and Ru (1990) indicate that one of the shortcomings of the rural 
household production responsibility system has been a marked reduction in 
Central Government investment in agricultural capital construction. A 
reflection of this reduction is a decline in Central Government investment in 
agricultural capital construction, as a share of total capital construction, 
from 11. 1% in 1979 to 3.0% in 1988. During the same time period, individual 
household capital investment was channeled more commonly toward housing 
construction than farm improvement. Johnson (1989) also notes the investment 
bias away from rural areas and toward urban areas and industry in China since 
1978. 
8of the grain produced in China in 1988, 68% is reported to have been 
consumed on farms, 21% sold to the state, and 11% sold on the open market 
(Carter 1989). 
See Annex B for (1) data on yields of grain in China versus in selected 
other countries and regions of the world and (2) estimated rates of growth 
and empirical studies of factors explaining growth over time in China's grain 
production. 
9The World Bank (1989) estimates the average annual growth of population 
in China to have been 2.2% during 1965-1980 and 1. 2% during 1980-1987. 
See CFEPH (1988) for a recent treatment of China 's population and family 
planning policies. 
notable are a 30% decrease in per capita grain production in the late 1950s, 
accelerated increases during the early 1960s and early 1980s, and an 
approximate 6% drop since the peak of 394 kg. /capita in 1984. 
10 
The course of China's trends in total grain production is closely 
associated with changes in per-hectare grain yields that have nearly tripled 
since the early 1950s (FAQ 1989) . An additional and subduing factor, however, 
has been a near 12% decline since 1952 in the area placed under grain 
cultivation in China (Crook 1990) . This decline has been caused by a steady 
increase in the demand for land for non-agricultural purposes (Guo and Han 
1988) and, in recent years especially, some shifting in land use from grain to 
cash crop and fodder production (Perkins and Yusuf 1984; Carter and Zhong 
1988; Greer 1988; Johnston 1989; Liu 1989; personal communication, Cheng Xu 
June 19, 1990) . 
In addition to changes in per-hectare grain yields and the area planted 
to grains, changes in cropping intensity can impact overall production trends. 
The crop index for grains--defined as the annual cultivated area in grain 
divided by the total grain growing area--has increased from 128% in 1949 to 
150% in 1988 (Table 2) . Increases in the crop index over the past 15 years, 
however, have been very limited. Thus, we are left with the conclusion that 
the dominant factor impacting increases in total grain production over the 
past 15 years in China has been increases in per-hectare grain yields. 
PRODUCTION INPUTS 
In the search to explain increases in grain yields, other than those 
resulting from the 1978 institutional reform, trends in the use of fertilizer, 
machinery, and irrigation are examined. 
Overall fertilizer use--defined as the total amount of N (nitrogen) , 
P205 (phosphorous) , and Kio (potassium) used in million metric tons (mmt)--has 
increased by over nine times in China in the past 40 years (Table 2) . 10 The 
increase has been particularly marked for inorganic fertilizer, that has 
increased from 0. 03 mmt annually in the 1950s to 21. 4  mmt in 1988. Stone 
(1989) and Luo and Han (1990) indicate that China now faces rather strong 
diminishing returns in the use of inorganic fertilizer, particularly on the 
country's highest producing soils. 
For many centuries, organic fertilizers represented the backbone of soil 
fertility enhancement by Chinese farmers (King 1911; Elvin 1982; Wen and 
Pimentel 1986; Sun 1987a; Yu 1987; Stone 1989). While organic fertilizers 
continue to provide a substantial amount of plant nutrients in Chinese 
10Lin (1989) estimates a 17.9% compound annual growth in chemical 
fertilizer utilization in China between 1962 and 1978. 
Table 2. Measures of land use intensity, China, 1949-1988. 
Fertilizer use: N+P2f!s Crop Grain Ratio Ratio 
index yield of Agricultural of 
for (MT/ha inorganic machine irriga6ed grains of sowed Mill ion MT to power land 
Year a {%2 area) Inorganic Organic Total total 'HPlha2 {%) 
1949 128.0 1.03 0.03 3.92 3.95 0.8 n/a 18.5 
1951-60 133.0 1.37 0.29 4.68 4.97 5.8 0.02 21.5 
1961-70 137.8 1.64 1.88 5.50 7.38 25.5 0.15 30.4 
1971-80 147.8 2.36 6.83 9.26 16.09 42.4 1.05 42.4 
1981·85 147.1 3.29 16.35 14.20 30.55 53.5 2.55 45.2 
1986 149.9 3.53 20.10 16.00 36.10 55.7 3.30 45.9 
1988 150.0 3.63 21.40 n/a n/a n/a n/a 44.4 
Source: 
aWhen a range of years is indicated, data reflect the annual average for the respective ranges 
of years. 
bThis is the ratio to total cultivated land. 
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agriculture, they began to be surpassed in relative importance by inorganic 
fertilizers in the early 1980s (Table 2).11 
12 
About 55% of China's organic fertilizer--in terms of total plant 
nutrients--is provided by manure from pigs and draft animals (cattle, buffalo, 
horse, mule) (Table 3). Organic manures are applied to the soil by Chinese 
farmers in one of three forms: raw, composted, and as biogas-slurry (Zeng 
1982; Sun 1987a). An estimated 5 million (CAY 1988) to 8 million {Wittwer 
1987) Chinese rural households have biogas pits that generate methane and 
slurry. 12 Eighteen percent of China's organic fertilizer is provided by crop 
residues, 10% by night soil, and 9% by green manure (Table 3).13 
11See Tang and Stone (1980) for a detailed presentation covering 1952-
1977 data on night soil, hog manure, draft animal manure, green manure, oil 
cake, compost, and river/pond mud and other organic fertilizers in China. 
OECD (1985) reports about 60% of the fertilizer applied to grain in 
China in the mid 1980s to be organic. 
The World Bank (1985) estimates no more than 60% of fertilizer nutrients 
applied in China in 1980 to have been chemical. For the individual nutrients, 
the Bank estimates the following percentages from chemical sources: 71% 
nitrogen, 24% phosphorous, and 4% potassium. The remainder are reported to 
have come from either organic fertilizers or mining the soil, with soil mining 
of P and K "possibly quite significant." 
Stone (1986) indicates that the increasing opportunity cost of labor in 
rural China is one factor causing farmers to substitute chemical fertilizers 
for organic fertilizers. The underlying reason is the extremely time­
consuming process of collecting, mixing, storing, transporting, and applying 
organic manure. Stone cites a study which shows a requirement of 35-45 human 
days plus 20-25 animal days per 100 kg. (220 lb.) of nitrogen supplied from 
organic sources. 
12Wittwer (1987) reports that China is the world's leader in methane 
generation from organic residues and farm wastes. While firewood and crop 
residues/byproducts remain as the two primary sources of energy in China for 
cooking, heating, and lighting, biogas-methane is becoming a close third. In 
addition to these general uses, Wittwer reports that biogas-methane is used to 
warm little pigs in farrowing units, heat greenhouses, generate electricity, 
pump water, run irrigation pumps, power sprayers and food processing 
machinery, and dry grain. 
See Qiu, et al. (1990) for a recent insightful account of innovation and 
diffusion in the Chinese biogas program. 
13stone (1986) indicates that nitrogen (1) is highly unstable in the 
principal manure forms, such as human and animal wastes, and (2) is lost from 
crop residues when they are burned for fuel and returned to the soil as ashes, 
still a common peasant practice in China. 
Table 3. Organic fertilizer resources in China, 1981.a 
Organic 
fertilizer source 
Amount 
produced 
annually 
Nutrient content 
-----------------Million MT-----------------
Pig manure 720 2.88 2.16 3.47 8.51 31.9 
Draft animal manure 504 2.02 1.51 2.50 6.03 22.6 
Straw and stalks 468 0.94 0.94 2.80 4.68 17.6 
Night soil 150 1.90 0.30 0.45 2.65 10.0 
Green manure 225 1.13 0.23 0.90 2.26 8.5 
Sheep manure 50 0.35 0.30 0.60 1.25 4.7 
Urban garbage 12 0.24 0 .16 0.10 0.50 1. 9 
Poultry manure 12 0 .18 0.18 0.10 0.46 1. 7 
Lean oilseed meal __ 2 0.21 0.03 0.06 0.30 _Ll 
Total 2, 143 9.85 5.81 10.98 26.64 100.0 
Source: Chen (1989) 
aThe data for green manure are for 1980. 
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Green manure usage peaked in China in the 1970s (Sun 1987a) and, within 
the next 10-12 years, dropped to perhaps only one-half of the peak level 
{personal communication, Ye Qianji June 22, 1990). The main green manures 
used in China are milk vetch {astragalus sinicus) , hairy vetch (viccia 
villosa) , sesbania {sesbania cannabina), dogheston sweet clover (melilotus 
filUL.), and astragalus huangheensis (Sun 1987a). 
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In the single-cropping northern agricultural regions of China, green 
manure crops are planted before the main crop each year or once every 2 or 3 
years. But for most multiple-cropped areas, various intercropping systems are 
practiced. The intercropping may be simultaneous and (I) row by row with the 
main crop, (2) mixed together, or (3) relay intercropped. The latter involves 
sowing the green manure crop before harvest of the main crop and plowing it 
down before planting of the next crop. These methods of intercropping neither 
reduce the sowing area of the main crops nor interfere with regular plantings 
(Sun 1987a). 
Essentially no agricultural machine power was used in Chinese agriculture 
prior to Independence in 1949 (Table 2). Machine power increased only 
modestly during the 1950s and 1960s. Since then, machine power has increased, 
until in 1986 an average of 3.3 horsepower/ha. is used in Chinese agriculture. 
The number of hand tractors is about double the number of middle- and large­
size tractors (Luo and Han 1990) . A major motivation for farm mechanization 
in China is to speed cultural operations so as to increase cropping intensity. 
Chinese irrigation dates back to 256 B.C. when the first of several 
ancient irrigation projects was completed; this was the DuJian Weir, 40 km. 
south of Chengdu in Sichuan Province, which remains functional until today 
(Sun 1987b) . The ratio of irrigated to total cultivated land in China 
increased from 19% in 1949 to about 45% in the 1980s (Table 2). The vast 
majority of this increase took place prior to 1975. 
The combined effect of the various external inputs used in Chinese 
agriculture can be envisioned through an examination of the energy inputs 
required in agricultural production. From 1965 to 1988, the total 
industrialized energy used in China's agriculture increased by over nine times 
(Table 4). The dominant energy use, for manufacturing inorganic fertilizer, 
increased by nearly 12 times over this 23-year period. In 1988, the energy 
used in fertilizer manufacture accounted for 83% of the total industrialized 
energy used in China's agriculture. 
Electricity accounts for 7% of the industrialized energy used in 
agricultural production in China. The primary use of electricity is for 
pumping irrigation water, followed by post-harvest processing, e.g., grain 
threshing, flour milling. The other three energy inputs--machinery 
manufacture, fuel, and pesticide manufacture--each account for 3-4% of Chinese 
agriculture's industrial energy. 
The overall energy intensity of agriculture, as measured by the kilo­
calories of industrial energy consumed per kg of foodgrain produced in China 
has grown to become about equal to that in the U.S. (Guo and Han 1988). This 
Table 4. Industrial energy used in agricultural production in China, 1965 
and 1988. 
Energy eguivalent 
1965 1988 1988 as a 
Energy input l0 11KCal Percent l0 11KCal percent ratio to 1965 
Inorganic fertilizer 198 63.2 2,3618 82. 9 11.9 
El ectri city 60 19. 2 206b 7. 2 3. 4 
Machinery 7 2.2 112 3.9 16.0 
Fuel 10 3.2 93 3. 3 9.3 
Pesticides � --1L1 _H _'LJ_ � 
Total 313 100.0 2,848 100.0 9. I 
Source: Calculations by Chen Xu (personal communication, June 17, 1990), 
based on Stat Yrbk (1989). 
8About three-fourths of this energy is used in synthesizing nitrogen in 
fertilizer manufacture. 
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�his electricity does not include that which is used for rural business 
enterprises. The latter is estimated to be about 50% more than that used in 
agricultural production (Stat Yrbk 1989). 
feature of Chinese agriculture is far different from that described by King 
(1911) some eight decades ago. 14 
DEMAND FOR FOOD 
16 
Increases in national demand for food depend on (1) rates of increase in 
population and per capita disposable income and (2) the income elasticity of 
demand for food. China's population growth rate in 1987 was reported to be 
about 1. 1%/yr. (World Bank 1989). 
Real per capita incomes are estimated by Pinstrup-Andersen, et al. 
(1990) to have increased in China between 1978 and 1988 by more than two times 
for rural people and by 87% for urban residents. 15 The overall income 
elasticity of demand for food in China is estimated to be 0.76-0. 77 (Van der 
Gaag 1984; Pinstrup-Andersen, et al. 1990). Pinstrup-Andersen, et al. (1990) 
estimate the income elasticities of demand for various foods/food categories 
as follows: 
Superior goods, elastic demand 
Milk 1. 71 
Fruits 1.36 
Beef 1. 23 
Eggs 1. 18 
Poultry 1. 16 
Superior goods, inelastic demand 
Fish 0.86 
Wheat 0. 68 
Edible oil 0. 65 
Pork 0. 63 
Rice 0.36 
Grains other than wheat and rice are reported to be inferior, with an income 
elasticity of demand of -I.IO. 
The general levels of and changes in per capita rural and urban 
household food consumption patterns over the past 10 years in China are 
portrayed in Figure 3. The most important relationships shown in this data­
set are the following: 
- Rural households consume nearly twice as much grain as urban 
households do; 
- In place of grains, urban households consume three to four times as 
much fruit, beef, poultry, eggs, milk, and fish as rural households; the 
margin of difference between urban and rural households is smaller for 
vegetables and pork; 
14See Wen and Pimentel (1986) for an analysis of energy flows through a 
17th century organic agroecosystem in eastern China and Han et al. (1985) for 
an energy analysis of 14 collective farms in north China. 
15Johnson (1989) estimates that real incomes of farm families in China 
approximately doubled between 1978 and 1986. Carter and Zhong (1988) report 
that "rural incomes" rose by more than 3 times between 1978 and 1986, "which 
was more than the total increase for the prior 30 years." 
Figure 3. Per capita consumption of selected foods/food categories in China, 
rural and urban households, 1978-1988 . 
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1 8  
- Urban household food consumption patterns over time are relatively 
stable , with modest increases in fruits , beef , and poultry consumption and 
modest decreases in all grains and vegetables; and 
- Rural households are consuming less coarse grain (e . g . , sorghum and 
maize) over time and are replacing some of the course grain with modest 
increases of fruits , pork , poultry , eggs, milk, and fish . 
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Thus , China is following the pattern of many Third World countries with 
rapidly increasing per capita incomes (Yotopoulus 1985). 16 Consumption of 
livestock and livestock-related products has definitely begun to increase . 
Substantial energy losses are incurred in the conversion of feed grains into 
meat and related products . Thus , the substitution of livestock products for 
food grains is exacerbating China 's already heavy population pressure on food 
grains (Cheng and Simpson 1989; Stone 1989; Yang and Tyers 1989; Pinstrup­
Andersen , et al . 1990). 
ENVIRONMENTAL CONCERNS 
Many students of Chinese agricultural development believe that the 
success of Chinese production agriculture is being achieved at a definite cost 
to the environment . Guo and Han {1988) and Han (1989) indicate five main 
environmental concerns in China: vegetative destruction , soil erosion , land 
quality deterioration , water pollution , and water resource depletion . Each is 
covered in turn . 17 
Vegetati ve destructi on 
The main culprits of vegetative destruction in China are forest clear­
cutting and grassland overgrazing . The nation 's timber harvest exceeds forest 
replacement by an estimated 100 million cu. mt. /yr. Despite a massive 
campaign for reforestation since Independence , the overall forest coverage of 
China is believed to have decreased from 13% in 1949 to 11% in the late 1980s . 
In Sichuan Province, forest loss has been particularly great, with forest 
cover dropping from 20% at the beginning of the 1950s to 12% by the end of the 
1970s . This general situation has arisen from greater priority being given in 
mountainous areas to reaping near-term profits from timber production and 
resource mining than to longer-term forestry resource conservation . 
16See Liu (1 990) for an examination of changes in food consumption 
patterns in China during the past  decade . 
11Except as noted below ,  the evidence provided for these environmental 
concerns is taken from Guo and Han (1 988) and Han (1 989) . 
See  Cao (1989) for a treatment of air pollution and i ts effec ts on 
plants in China and Zhu (1989) for a discussion of issues related to nature 
conservation in China . 
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Nearl y one-th i rd of Ch i na ' s  grass l and i s  est i mated to be overgrazed and 
degenerat i ng ( Luo and Han 1990 ) . The total desert i fi ed area i n  the country 
has more than doubl ed s i nce the 1 9 50 s . The probl em i s  part i cul arly acute i n  
northern C h i n a ,  where 3 . 9  mi l l i on h a .  o f  crop l and , 4 . 9  mi l l i on h a . of 
rangel and , and 2 , 000 km . of ra i l ways are threatened by s and movement . 
I n  add i t i on to desert i fi cat i on ,  vegetati ve destruct i on has caused 
i nten s i fi ed drought and fl ood i ng d i s asters . The average area of the country 
affected by such d i sasters i n  the 1 980s i s  68% more than i n  the 1 950s . A 
further resu l t of vegetat i ve destruct i on i s ,  of course ,  exaggerated so i l 
eros i on .  
Soi l erosi on 
About 1 . 5 mi l l i on sq . km . ,  or about 1 5% of the total l and area of 
Ch i na ,  suffers from so i l  eros i on .  An est i mated 5 b i l l i on tons of so i l are 
washed from the terrestr i al h i ghl ands of Ch i na i nto the sea after l ong 
transportati on by r i vers . H i stori cal l y ,  probl ems of so i l eros i on have been 
most severe al ong the upper-mi ddl e Yel l ow Ri ver ,  w i t h  rough ly  one-th i rd of the 
nat i on ' s  total eros i on taki ng pl ace al ong the Yel l ow R i ver a l one . 
Desp i te efforts to counteract soi l eros i on s i nce the 1 940s ,  eros i on 
probl ems h ave i ntens i fi ed ,  wi th an est i mated 30% more l and affected by eros i on 
today than at the t i me of I ndependence . Areas of part i cu l ar concern are ( 1 )  
al ong the Yangtze R i ver ,  i n  wh i ch eros i on i s  est i mated to h ave doubl ed s i nce 
the 1 950s , and ( 2 )  i n  S i chuan Prov i nce , i n  wh i ch eros i on i s  est i mated to h ave 
more than quadrupl ed s i nce the 1 950s . An est i mated 44% of the area of S i chuan 
i s  undergo i ng eros i on ,  wi th 2 mi l l i on ha. of cul t i vated l and on s l opes l os i ng 
an average of 1 1 0 tons of so i l/ha ./yr . 
Land qual i ty deteri orati on 
I n  add i t i on to the 1 2% l os s  of cul t i vated l and s i nce the early 1 950s and 
the so i l  ero s i on noted above , the qual i ty of much  of Ch i na ' s  farml and has 
deteri orated over the past 40 years . The deteri orati on i n  l and  qual i ty has 
been as soc i ated w i th the more i ntens i ve use of external farm i nputs on Ch i na ' s  
cropl and and more i n ten s i ve mul t i pl e  cropp i ng .  
A recent nati onal so i l survey documents var i ous  d i mens i on s  of 
deteri orat i on i n  Ch i na ' s  l and resources . For exampl e ,  the proport i on of 
h i gh ly  producti ve farml and i s  est i mated to h ave decreased from nearl y one­
th i rd to one- fi fth over the past 40 years . Of the country ' s  total cul t i vated 
l and , on ly  1 5% has  no unfavorabl e product i on character i st i cs .  The average 
so i l  organ i c  matter content of Ch i na ' s farml and i s  l es s  than 1 . 5%, w i th 1 1% of 
the l and hav i ng l e s s  than 0 . 6% organ i c  matter content . An est i mated 59% of 
cropl and i s  est i mated to be defi c i ent in  ava i l abl e phosphorous and 23% 
defi c i ent i n  potas s i um .  Further, an est i mated 1 2% of the cropl and has poor 
so i l structure and h ardness . 
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Water pol l ution1 8  
Water pollution in China began with the on-set of industrial development 
in the 1950s. Roughly three-fourths of the wastewater generated in China is 
estimated to be industrial in origin, with the remainder represented by human 
wastes. The increasing volume of wastewater discharges in the country is of 
major concern . To illustrate, wastewater discharges in China increased by 11% 
during just 6 years in the early 1980s and are projected to more than double 
by the year 2000 . 
Wastewater treatment techniques and facilities have not kept pace with 
the growth of industrial production and city construction. At present, only 
22% of the wastewater in China is treated. About 20% of China 's factories 
have wastewater treatment facilities. Even for factories with treatment 
facilities, however, the discharges may not reach required standards because 
of possible shortcomings in treatment processes. 
Wastewaters produced by some manufacturing activities--such as pulp and 
paper production, printing and dyeing, leather tanning, and coal gasification 
--have high concentrations of pollutants which are difficult to biodegrade. 
Common treatment techniques tend to be inefficient; more effective techniques 
are costly. Technologies well-adapted to treating the wastes from China ' s  
vastly expanded small-scale rural industries tend to be limited and expensive . 
Problems of water pollution are now extending to the countryside, as well as 
to China 's  major urban concentrations. 
As a result of these forces, rivers, lakes, and groundwater in China are 
subject to increasing pollution every year. A survey of 878 rivers in the 
early 1980s showed 82% of the rivers to be polluted . More than 5% of total 
river length had become fishless, while over 20 waterways were unusable for 
crop irrigation because of water pollution. About 50% of the groundwater in 
the North China Great Plain is estimated to be polluted. Recent water quality 
monitoring for 27 major cities showed that only 6 of the cities can provide 
drinking water meeting minimum required standards. 
The degree of water pollution from agricultural practices in China, as 
in many places, is not well-documented. Two areas of major concern revolve 
around (1) the much increased use of fertilizers and to a lesser extent of 
pesticides and (2) large-scale intensive livestock production units being 
developed near major urban areas (Cheng and Simpson 1989). About 13 million 
ha. are estimated to be polluted by pesticides. Cereal grain losses from 
industrial pollution are estimated to be 5 mmt/yr. 
Water resource depleti on 
China ' s  annual total water resource availability ranks sixth in the 
world. On a per capita basis, however, China ranks 88th, with an availability 
of only one-fourth of the world average. The uneven regional and seasonal 
1 8A major source of information for the water pol lution and water 
resource depletion sec tions is  Wang (1989) . 
d i str i but i ons of rai nfal l i n  Ch i na tend to exacerbate the probl ems of water 
s hortage for peopl e i n  part i cul ar areas at part i cul ar t i mes of the year . 
2 2  
The  major user of water i n  Ch i na i s  agr i cul ture . The 45% of Ch i n a ' s  
cropl and that i s  i rri gated requ i res more than 80% of the n at i on ' s  total annual 
water w i thdrawal s .  Al though the extent of i rri gat i on has not i ncreased i n  
recent years , a defi n i te i ncrease i n  the demand for the n at i on ' s  water s upply 
ari ses from i ntens i fi ed i ndustri al and human need s .  
The i ncreas i ng demands o n  Ch i na ' s  l i m i ted water resources are caus i ng 
reg i onal dry i ng i n  a l arge area of north Ch i na ,  w i th d i mi n i s h i ng r i ver- fl ows , 
a decl i n i ng groundwater tabl e ,  and a l oweri ng of reservoi r and l ake l evel s - ­
somet i mes i n  some pl aces to the po i nt of  a total seasonal dry i ng u p  o f  above­
ground water sources .  The l ower i ng of the water tabl e i s  resu l t i ng i n  
" groundwater- funnel s "  around urban and i ndustr i al centers i n  north C h i n a .  The 
funnel s around Bei j i ng ,  for exampl e ,  are est i mated to cover 1 , 000 s q . km . 
W i t h i n  these funnel s ,  water tabl es are commonly decl i n i ng 1 - 2  mt . /yr . and up  
to 70  mt . /yr . i n  the i mmedi ate v i c i n i ty of pump i ng centers . 
Water resources are al so d im i n i s h i ng i n  south Ch i na .  The mi n i mum water 
l evel of maj or ri vers i n  S i chuan Prov i nce ,  for exampl e ,  decreased duri ng the 
dry season i n  1 987 by 0 . 2 - 0 . 8  mt . As a resu l t ,  i rr i gat i on del i veri es for r i ce 
i n  the Chengdu R i ver Bas i n  were both cut and del ayed . I n  Hube i Prov i nce , the 
total n umber of l akes has d i mi n i s hed from 1 , 066 i n  1 949 to 326 today and the 
l and area covered by the l akes has decreased by three - fourths . 
ECOLOGICAL AGRICULTURE 
The term " ecol og i cal agr i cul ture " means to many Ch i nese profess i on al s 
al most the s ame as what " s usta i n abl e agri cul ture " means to many Ameri can 
profes s i onal s .  The Ch i nese very sel dom use the term " s usta i nabl e . "  Thus , i n  
th i s  paper , the term " ecol og i cal " i s  used i n  rel at i on to C h i nese agri cul ture . 
S i m i l ar i t i es and contrasts between the Ch i nese concept of "ecol og i cal 
agr i cul ture "  and the Ameri can concept of " s usta i nabl e agr i cul ture" are 
d i scus sed bel ow . 
Hi storical background 
The l ate J . I .  Rodal e and h i s  l ate son , Robert- -con s i dered by many to be 
the " fathers " of susta i nabl e agr i cul ture i n  the Un i ted State s - - have v i ewed 
trad i t i onal Ch i na a s  the i nsp i rat i on for and substant i ve source of i deas that 
have come to be embod i ed i n  U . S .  " organ i c" agri cul ture ( Rodal e 1 990) . 19 
19The term " sustainable" is used to represent  s i tuations in which 
producers adopt a holistic systems ori entation in planning their farms . 
Emphasis is placed on selecting agricul tural systems offering prospect of 
being environmental ly/social ly/economically sustainabl e  over the long- term .  
"Sustainable"  producers use crop rotations and other natural soil - building 
prac tices to at  l east partial ly replace synthetic chemicals (e . g . , 
ferti l izers , pesticides , lives tock growth hormones) in their farm produc tion 
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King ' s  (1911) book, Farmers of Forty Centuries: Permanent Agriculture in 
China, Korea, and Japan, provides the clearest English language exposition 
available on traditional Chinese agriculture . The following brief overview of 
selected traditional practices of Chinese farmers is based on King {1911) . 
To provide an overall flavor of King ' s  perspective on Chinese 
agriculture, I first quote from the Introduction to his book: 
We are to consider some of the practices of a virile race of some 
500 millions of people who have an unimpaired inheritance moving 
with the momentum acquired through 4, 000 years ; a people morally 
and intellectually strong, mechanically capable, who are awakening 
to a utilization of all the possibilities which science and 
invention during recent years have brought to western nations . . .  
We had long desired to stand face to face with Chinese and 
Japanese farmers ; to walk through their fields and to learn by 
seeing some of their methods, appliances and practices which 
centuries of stress and experience have led these oldest farmers 
in the world to adopt . We desired to learn how it is possible, 
after 20 and perhaps 30 or even 40 centuries, for their soils to 
be made to produce sufficiently for the maintenance of such dense 
populations as are living now in these three countries. 
We have now had this opportunity and almost every day we were 
instructed, surprised, and amazed at the condition and practices 
which confronted us whichever way we turned ; instructed in the 
ways and extent to which these nations for centuries have been and 
are conserving and utilizing their natural resources, surprised at 
the magnitude of the returns they are getting from their fields, 
and amazed at the amount of efficient human labor cheerfully given 
for a daily wage of 5 cents and their food, or for 15 cents, 
United States currency, without food . (p . 2 ;  paragraphing mine) 
Thus, a hallmark characteristic of traditional Chinese agriculture is 
its intensive cultivation of land resources, with twin objectives of (1) 
achieving high short-term production levels and (2) nurturing the land 
resource so as to not impair the land' s  long-term production capacity. King 
(1911) describes practices such as the following to enable accomplishment of 
these twin objectives.20 
enterprises . "Sustainable" includes , but is not l imi ted to , " organic" 
production methods in which all synthetic chemicals are replaced . 
20Two very interesting, but especially difficul t to confirm , addi tional 
features of Chinese agricul ture reported by King (1911) are the fol lowing: 
Concent::rat::ion on work. Forethought ,  after- though t ,  and the mind 
focussed on the work in hand are characteristic of these peopl e .  
We do not recall  to have seen a man smoking whi l e  a t  work. They 
enjoy smoking , but prefer to do this also wi th the attention 
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Manure. Manure , of al l ki nds ,  human and an imal , i s  
rel i g i ou sl y  saved and appl i ed to the fi e l ds i n  a manner wh i ch 
secures an eff ic i ency far above our own practi ces . . .  The c i ty of 
Shanghai , in 1908 , sol d  to a Ch i nese contractor the pri v i l ege of 
enter i ng resi dence and publ i c  pl aces early in the morn i ng of each 
day i n  the year and remov i ng the n i ght so i l , rece i v i ng there for 
more than $31 , 000 gol d for 78 , 000 tons of waste . ( p .  9 )  
Composti ng .  They are a peopl e who defi n i te ly  set  the i r  
faces toward the future . . .  They have l ong rea l i zed that much t i me 
i s  requ i red to transform organ i c  matter i nto forms ava i l abl e for 
pl ant food and , al though they are the heav i est users i n  the worl d ,  
the l argest port i on o f  th i s  organ i c  matter i s  predi gested w ith  
so i l  or  subso i l  before i t  i s  appl i ed to the i r  fi e l d s ,  and at  an 
enormous cost of human t ime and l abor , but i t  pract i ca l ly  
l engthens the i r  growi ng season and enabl es them to adopt a system 
of mul t i p l e  cropp i ng wh i ch woul d not otherwi se be pos s i b l e .  ( p .  
1 1 )  
Mul ching .  Such enormous fi el d eros i on as i s  tol erated at 
the present t ime i n  our southern and south Atl ant i c  states i s  
permi tted nowhere i n  the Far East , so far a s  we observed , not even 
where the topography i s  much steeper . The tea orchards as we saw 
them on the steeper sl opes , not l evel -terraced , are often heav i ly  
mul ched wi th straw wh i ch makes eros i o n ,  even by heavy ra i ns ,  
i mposs i bl e ,  wh i l e  the treatment retai ns the rai n  where i t  fal l s ,  
g i v i ng the soi l opportun i ty to recei ve i t  under the i mpul se of 
both cap i l l ar i ty and gravi ty ,  and wi th it the sol ubl e ash 
undivided and thus get more for their money . (p . 205) 
Preserving angleworms . For half an hour , we watched an old 
gardener fi tting the soil wi th his spading hoe . . .  Angleworms were 
extremely numerous , as large around as an ordinary lead pencil 
and , when not extended , two - thirds as long . . .  Nearly every stroke 
of the spade exposed two to five of these worms but so far as we 
observed , and we watched the man closely , pulverizing the soil , he 
nei ther injured nor left uncovered a single worm . While  he seemed 
to make no effort to avoid injuring them or to cover them wi th 
earth , . . .  we are convinced that his action was continually 
guarded agains t injuring the worms . They certainly were 
subsoiling his garden deeply and making possible a freer 
circulation of air far below the surface . Their great abundance 
proved a high conten t of organic matter present in the soil and , 
as the worms ate their way through i t ,  passing the soil through 
their bodies , the yearly volume of work done by them was very 
great . In the fields flooded prepara tory to fi tting them for rice 
these worms are forced to the surface in enormous numbers and 
large flocks of ducks are taken to such fields to feed upon them . 
(p . 205) 
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i ngred i ents l eached from the straw . The straw mul ches  we s aw u sed 
i n  th i s  manner were often 6 to 8 i nches deep , thus const i tut i ng a 
dress i ng of not l es s  than 6 tons per acre , carry i ng 1 40 pounds of 
so l ubl e potass i um and 1 2  pounds of  phosphoru s .  The pract i ce ,  
therefore , g i ves  at once a good ferti l i z i ng ,  the h i ghest 
con servat i on and ut i l i zat i on of  ra i nfal l ,  and a compl ete 
protect i on aga i nst so i l  eros i on .  ( p .  1 1 2 )  
Rotati ons bu i l t  around l egumes . Centuri es of pract i ce had 
taught Far East farmers that the cul ture and use of ( l egum i nou s )  
pl ants are essent i al to enduri ng fert i l i ty ,  and s o  i n  each o f  the 
three countr i es the grow i ng of l egumes i n  rotat i on w i th other 
crops very exten s i vel y for the expres s  purpose of fert i l i z i ng the 
so i l  i s  one o f  the i r  o l d ,  fi xed pract i ce s . ( p .  1 0 )  
Intercroppi ng .  By p l ant i ng i n  h i l l s  and rows w i th  
i ntert i l l age , i t  i s  very common to  see  three crops grow i ng upon 
the same fi el d at one t i me ,  but in d i fferent stages of matur i ty,  
one nearly ready to harvest , one j u st com i ng up , and the other at 
the stage when i t  i s  draw i ng most heav i ly  upon the so i l .  By such 
pract i ce ,  w i th heavy fert i l i zat i on ,  and by suppl emental i rr i gat i on 
when needfu l , the so i l  i s  made to do ful l duty throughout the  
grow i ng season . ( p .  1 1 )  
Rel ay croppi ng .  To s ave t i me ,  or l engthen the grow i ng 
season of the cotton wh i ch was to fol l ow,  the seed was sown 
broadcast among the gra i n  on the surface , some 10 to 15 days 
before the  wheat wou l d  be harvested . To cover the seed , the s o i l 
i n  the furrows between the beds had been spaded l oose to a depth 
of  4 or 5 i nches , f i nely pu l ver i zed , and then w i th a spade was 
evenl y  scattered over the bed , l ett i ng i t  s i ft down among the  
gra i n ,  cover i ng the seed . Th i s  l oose eart h ,  so appl i ed ,  acts  a s  a 
mul ch to con serve the cap i l l ary mo i sture , perm i tt i ng the so i l  to 
become suff i c i ent ly  damp to germ i nate the seed before the wheat i s  
h arvested . ( pp . 263 - 264 )  
Careful ly l evel ed f iel ds . We found a l most a l l of  the 
cu l t i vated f i e l ds very nearly l evel or made so by gradi ng . . .  By 
th i s  pre l i m i nary surface f i tt i ng of the fi e l d s ,  these peop l e  have 
reduced to the l owest poss i bl e  l i m i t the waste of so i l fert i l i ty 
by ero s i on and surface l each i ng .  At the same t i me ,  they are abl e 
to reta i n  upon the f i e l d ,  u n i formly d i stri buted over i t , the 
l argest part of  the ra i nfal l practi cabl e ,  and to compel a much 
l arger proport i on of the necessary run -off to l eave by under­
drai nage than wou l d  be pos s i bl e  otherw i se ,  convey i ng the p l ant 
food devel oped in the surface so i l  to the roots of  the crop s ,  
wh i l e  they make poss i bl e  a more compl ete absorpti on and retent i on 
by the so i l  of the sol ubl e p l ant food mater i al s  not taken up . 
Th i s  same treatment al so  furn i shes the best pos s i bl e  cond i t i on s  
for t h e  appl i cat i on o f  waste t o  the f i e l d s  when supp l emental 
i rr igat i on wou l d  be hel pful , and for the w i t hdrawal of surpl u s  
ra i nfal l by surface dra i nage ,  shou ld  th i s  b e  necessary . ( p .  1 13 )  
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Fert i l i z i ng wi th river/canal mud . I n  Ch i na ,  enormou s  
quant i t i es o f  canal mud are appl i ed t o  t h e  fi e l d s , somet i me s  at 
the rate of even 70 or more tons per acre . So , too , where there 
are not canal s ,  both so i l  and subso i l are carri ed i nto the 
v i l l ages and t here between the i nterval s when needed they are , at 
the expense of great l abor , composted w i th organ i c  refuse  and 
often afterwards dri ed and pul ver i zed before be i ng c arr i ed back 
and u sed on the f i e l ds  as home -made fert i l i zers . ( p .  9) . . .  the 
spread i ng of canal mud broadcast over the enc i rc l ed fi e l d s  has had 
two very i mportant effects , namel y ,  ra i s i ng the l evel of the l ow 
l y i ng f i e l d s , g i v i ng them better dra i nage and so better phys i cal  
cond i t i on ,  and add i ng new p l ant food in  the form of v i rg i n  so i l  of  
the r i chest type , thus contr i but i ng to the  mai ntenance of s o i l 
fert i l i ty ,  h i gh  ma i ntenance capaci ty ,  and permanent agr i cul ture 
through al l the centur i e s .  ( p .  106 )  
C urrent s i tuat i on 
K i ng { 19 1 1 )  d i d  not a ssert that pract i ce s  l i ke these , wh i ch he  observed 
duri ng a year- l ong f i e l d  tr i p ,  were necessar i l y  fol l owed everywhere i n  Ch i na .  
A f ie l d tr i p  u ndertaken for onl y a few weeks i n  1 990 and a rather cursory 
rev i ew of l i terature are obv i ously i nadequate to prov i de any def i n i te 
confi rmat i on of the general presence or absence of these pract i ce s  i n  Ch i na 
today . 
That each of the above pract i ce s  i s  fol l owed by at l east some farmers 
today ,  however , i s  w i thout quest i on .  We v i s i ted wi th  farmers and agri cul tura l  
sc i ent i sts about and observed i n  f i e lds  the presence of organ i c  fert i l i zers 
and composts ( l i ve stock manure , n i ght so i l ,  crop re s i due s ,  ashes ) , green 
manures , crop rotat i on s ,  i ntercroppi ng ,  rel ay cropp i ng ,  and careful l y  l eve l ed 
f i el ds . I n  on ly  one i nstance d i d  I observe the col l ect i on of canal  mud , but 
some i nformants d i d  confi rm that i n  certa i n areas th i s  pract i ce does cont i nue 
to be fol l owed . Further , the stat i st i cs publ i shed i n  C h i na  on organ i c  
fert i l i zers i ncl ude a " r i ver/pond mud " category . Sun ( 1987a) al so confi rms 
the ex i stence of the above organ i cal l y-or i ented pract i ces i n  modern Ch i na .  
Thu s ,  i t  i s  c l ear that many of Ch i na ' s trad i t i onal agr i cu l tural 
pract i ce s  cont i nue  to be fol l owed today . Whether they are fol l owed on as 
wi despread a bas i s or so  thorough l y  a s  they once were may be open to  quest i on .  
The r i s i ng opportun i ty cost of l abor , as a negat i ve i ncent i ve to the u se  of 
organ i c  fert i l i zers and other l abor- i nten s i ve trad i t i onal pract i ce s ,  was c i ted 
above . 21 It i s  al so cl ear that the u se of purchased external i nputs has 
i ncreased tremendous ly in  Ch i na over the past 25 years . Accompany i ng these 
and other econom i c and soc i al devel opments in  the country has been a defi n i te 
deter i orat i on i n  several i mportant d i men s i ons of the env i ronment i n  Ch i na .  
21During a field visi t  near Harbin , we found confirming evidence for 
labor scarci ty impacting the adoption of farm technology . We were told that 
herbicides played a larger role , compared to mechanical cul tivation , in 
northern than in southern Heilongjiang Province .  Labor is scarcer in the 
north , and hence farmers used labor- saving herbicides . 
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A key chal l enge in  the future agr i cul tural devel opment of Ch i na i s  to 
determi ne and pursue as appropri ate as poss i bl e  a bl end of trad i t i ona l  and 
modern agr i cul tural i nputs and pract i ces . To move strongly  and qu i c kl y  away 
from the current use of modern i nputs wou l d  al most i nev i tably l ead to 
i mmed i ate product i on d i sasters . For the recent pace of adopt i on of cert a i n 
external modern i np uts to be perpetuated , however, wou l d  a l most i nev i tably 
exacerbate some of the env i ronmental probl ems that have al ready become acute . 
Ch i na ' s  search for a redef i ned bal ance between trad i t i ona l  and modern 
agr i cu l tural i nputs and practi ces i s  embod i ed i n  what has come duri ng  the 
1980s to be cal l ed " ecol og i cal " agr i cul ture . 22 " Ecol og i cal " agr i cu l ture i s  a 
suffi c i ently new concept i n  Ch i na ,  j ust as " susta i n abl e "  agri cul ture i s  a new 
concept i n  the West , that a u n i versal and wel l  accepted defi n i t i on for i t  i s  
as yet non -ex i stent . Neverthe l ess , a defi n i te fl avor o f  what i s  meant by 
"ecol og i cal " agr i cul ture i n  Ch i na i s  represented by the defi n i t i on g i ven to i t  
i n  1 987 by the Ch i nese M i n i stry of Agr i cul ture : " a  new type of agr i cu l ture , i n  
wh i ch agr i cul tural product i on and deve l opment are d i rected , organ i zed , and 
managed i n  the l i ght of ecol og i cal econom i c  theory and a systems eng i neeri ng 
approach , and i n  a manner comb i n i ng trad i t i onal farm i ng pract i ces wi th modern 
agrotechnol ogy " { B i an 1 988) . 
Al though the pract i ce of " ecol og i cal " agr i cul ture i s  l ocat i on -spec i fi c ,  
depend i ng on the l ocal product i on/econom i c/ i nst i tut i onal env i ronment , certa i n 
bas i c  components are embod i ed to vary i ng degrees i n  a lmost al l cases i n  
Ch i na .  23 
Hol i st i c  approach to natural resource use . Attempts are made to take 
i nto account and use al l ex i st i ng natural resources i n  part i cu l ar l ocal i t i e s .  
Empha s i s i s  p l aced on producers mai nta i n i ng opt i ons  for swi tch i ng resource - use 
as changes ar i se i n  natural/econom i c/ i nst i tut i onal c i rcumstances . Both 
product i on and env i ronmental d imens i ons of resource use i n  agr i cul ture are 
cons i dered . Attent i on i s  g i ven not only to cereal gra i n s ,  but al so to cash 
crops , vegetabl e s ,  fru i ts ,  l i vestock ,  fodder crops , aquacul ture , and forestry . 
•stereo• agricul tural devel opment . The mul t i - d i mens i oned use  of space 
and t i me i n  agr i cul tural product i on i s  promoted . One type of mul t i - l ayered 
cropp i ng system consi sts of { l )  tal l trees wh i ch prov i de a canopy of  
protect i on to l ower pl ants and the so i l { e . g . , As i an pears , rubber) , ( 2 )  
i ntermed i ate - s i zed trees { e . g . , peaches )  or  shrubs ( e . g . , tea) , and { 3 )  l ow 
growi ng annual f i e l d crops . Another type of mul t i - l ayered system i nvol ves 
r i ce ,  azol l a  ( n i trogen -f i x i ng aquat i c  pl ant used for centur i es i n  Ch i na as 
green manure ) , 24 and f i sh i n  paddy fi el ds . Mul t i pl e -use  of t i me i n  crop 
22Unless otherwise noted , the following charac terization of " ecological " 
agricul ture in China is based on Guo and Han (1988) , Han (1 989) , Li and Li 
(1 990) , and Luo and Han (1990) . 
23For insightful accounts of curren t  agricul tural produc tion systems in 
China , see Li and Li (1990) and Luo and Han (1990) . 
24see Cheng and Simpson (1989) for more background on azolla in China . 
product i on i s  i l l ustrated by the earl i er-descri bed systems of i ntercropp i ng 
and rel ay cropp i ng .  
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Integrated producti on systems . The i nternal recyc l i ng of resources wi th 
twi n object i ves of food and fuel energy product i on are emphas i zed . Th i s  often 
i nvol ves the use of organ i c  wastes and t i ghtl y i ntegrated crop - l i vestock­
aquacul ture product i on systems . The i ntegrat i on comes about as products from 
one enterpri se become i nputs to other enterpri ses . B i agas methane- sl urry 
product i on un i ts are a common component of such product i on systems . 
Envi ronmental management . Attent i on i s  pa i d  i n  crop product i on to us i ng 
organ i c  fert i l i zers and b i ol og i cal control s and l oweri ng the doses of  
pest i c i des  and  fert i l i zers . Such practi ces are a i med at { 1 )  decreas i ng 
ground and surface water contami n at i on ,  { 2 )  decreas i ng poss i bl e  h uman heal th 
probl ems from peopl e handl i ng chemi cal s and con sumi ng products contami n ated 
wi th  toxi c  chemi cal  substances , and ( 3 )  bui l d i ng up so i l resources . Water 
puri fi c at i on and waste d i sposal systems to enabl e i mproved env i ronmental 
hyg i ene  i n  v i l l ages are undertaken . Energy may be generated through renewabl e 
resources s uch as sol ar , wi nd ,  and smal l hydro-el ectri c projects .  
Agricul tura l  and nonagricul tural opt i ons expl o i ted . D i vers i f i cat i on 
beyond agri cu l tural enterpri ses ,  through rural i ndustr i es , i s  encouraged . 
Improved product i on i ncent i ves ari s i ng from the househol d product i on 
respon s i bi l i ty system have resul ted i n  fewer workers bei ng abl e to  ma i nta i n  
and , i n  many cases , to even i ncrease agri cul tural product i on . Thu s ,  workers 
are rel eased for a l ternat i ve empl oyment .  These rel eased workers are 
encouraged to  seek out i ndustri al empl oyment opportun i t i es to a ugment fam i l y  
i ncome . 
I n  many respects ,  the overal l goal s and means of ach i ev i ng the goal s i n  
Ch i nese " eco l ogi cal " agri cul t ure are s i mi l ar to those i n  Western " susta i n abl e "  
agri cul ture . Both types of agri cul t ure h ave a very defi n i te hol i st i c  systems 
ori entat i on .  Both are concerned about the short- term economi c v i ab i l i ty of 
producers and the l ong- term ecol og i cal -envi ronmental and soc i o - economi c 
susta i nabi l i ty o f  agr i cul tural product i on systems . Both g i ve major attent i on 
to crop rotat i on s  and other soi l - bu i l d i ng practi ces . 
Cert a i n  areas of emphas i s  appear genera l l y  to d i ffer between Ch i nese 
"ecol og i cal " and Western " sustai n abl e "  agri cul ture , however . The degrees of 
( 1 )  enterpri se i ntegrat i on and ( 2 )  emphas i s on nonagri cul tural opt i on s  are 
greater i n  Ch i nese " ecol og i ca l " agr i cu l ture . a  Further , Ch i nese " ecol og i ca l " 
agri cul t ure somet i mes i nvol ves commun i ty - l evel resource management ,  rather 
than s i mp ly  i nd i v i dual househol d management that i s  domi nant i n  susta i n abl e 
agri cul ture enterpr i ses  i n  Western countri es . 
On the other h and , reduced synthet i c  chemi cal { i norgan i c  fert i l i zers and 
pest i c i des ) u se tends to recei ve l es s  expl i c i t ,  l ower rel at i ve pr i ori ty i n  
Ch i nese " ecol og i cal " agri cul ture . A fundamental reason for rel at i vely l ess 
25These features are i llus trated in  some detail  in  the characterization 
of the five pilot ecological villages below .  
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concentrat i on on envi ronmental management i n  Ch i na may be  a much smal l er 
current marg i n  of di fference between ( 1 )  the nutri t i onal  need/econom i c  demand 
for food i n  the country and { 2 )  the capac i ty of the country to produce food 
compared to that i n  most Western countri es . 
Whether trade-offs necessari l y  exi st i n  real i z i ng product i on vers us 
envi ronmental object i ves i s  an open quest i on . 26 One reason for expect i ng 
pos s i bl e  trade-offs i s  that i nd i v i dual  producer dec i s i on s  are most often made 
wi th i n the context of short- term profi ts , whereas env i ronmental i mp l i cat i ons 
tend to be l ong- term and are l argely external to the dec i s i on-maki ng framework 
of i nd i v i dua l  producers . I f  trade-offs do exi st between product i on and 
env i ronment , Ch i na may be forced i n  the i mmedi ate- term to g i ve greater we i ght 
to  ach i ev i ng product i on than envi ronmental goal s .  To not do so coul d fuel 
f i res of  pol i t i ca l  i nstab i l i ty .  
On the other hand , trade -offs i n  real i z i ng agri cul tural product i on and 
env i ronmental goal s may not necessari l y  be i nev i tabl e .  Ch i na i s  search i ng for 
a common meet i ng ground toward ach i ev i ng these object i ves  i n  her " eco l og i cal " 
agri cul ture efforts . She i s  do i ng so through over 1 , 1 00 p i l ot ecol ogi ca l  
v i l l ages i n  the  26 prov i nces across the  country .  
Duri ng my month i n  Ch i n a ,  I v i s i ted four wel l -establ i shed p i l ot 
eco l og i cal  v i l l ages - -n amely ,  L i u  Mi ng Y i ng ,  southeast of Be i j i ng ;  Doud i an ,  
southwest of  Bei j i ng ; 27 Guquan , near Nanj i ng ;  and Dazu , west of Be i be i  i n  a 
mountai nous area- - and a p i l ot v i l l age j ust bei ng establ i shed i n  Y i ngfong ,  a l so 
near Nanj i ng .  Except for Dazu ,  these v i l l ages are al l l ocated wi th i n  50 km . 
of major urban centers . Some of the key features of  these v i l l ages fol l ow .  
26A recen t  publication on agriculture and the environmen t by OECD (1989 , 
13)  charac terizes world  agricul ture to have " evolved to a state  where short­
term profi ts (are) made without maintaining the tradi tional harmony and 
interdependence between agricul ture and the environment which has existed for 
cen turies . "  
O ' Connell (1 990) presents the view that U . S .  farmers are searching for 
ways to achieve greater compatibil i ty between environmen tal and produc tion 
goals ,  and that the U . S .  Department of Agricul ture is responding to that  
concern . Reichelderfer (1990) presen ts an insightful accoun t of historic 
policy conflicts in the U . S .  in achieving production/income support versus 
environmental objectives . She goes on to indicate new pol icies that  might  be 
developed whi ch would provide incen tives for the integra ted achievement of 
agricul tural produc tion and environment obj ectives . Stavins (1 990) delineates 
certain policies that might be followed to provide incen tives to producers for 
grea ter environmental protec tion . 
27See Cheng and Simpson (1989) for an insightful accoun t of the 
biological recycle  farming practiced in this pilot ecological vil lage . See 
Yan , et al . (1989) and Wu , et al . (1989) for other case study reports of 
ecologi cal agricul ture in China . 
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1 .  The change agents respons i bl e  for devel op i ng ecol og i cal  projects for 
i ntroduct i on i nto the p i l ot v i l l ages and work i ng w i th v i l l age l eadersh i p  i n  
ref i n i ng and i ntroduc i ng the projects i n  the v i l l ages are from vari ous 
research i nst i tutes and un i vers i t i es .  The spec i fi c  i nst i tut i ons i nvol ved i n  
the f i ve p i l ot v i l l ages I v i s i ted are the Be i j i ng Academy o f  Agr i cul tural 
Sc i ences , the Nanj i ng Inst i tute of Env i ronmental Sc i ences , and the Chongq i ng 
Ecol og i cal -Agri cul tural Research I nst i tute . The appl i ed researchers from 
these i nst i tut i ons are i n  " cont i nuous contact " wi th the v i l l ages  to ( a )  ass i st 
i n  project impl ementat i on ;  ( b )  make changes i n  project p l ann i ng and 
imp l ementat i on ,  where necessary ; (c) deal wi th quest i ons/probl ems that ar i se ;  
and (d )  mon i tor and eval uate progress  toward reach i ng object i ves . 
2 .  A common and fundamental feature of a l l  f i ve p i l ot v i l l ages are b i ogas­
d i gesters . The d i gesters are at the v i l l age- l evel i n  four v i l l ages and at the 
i nd i v i dual  househol d l evel i n  one v i l l age . Raw manure from cattl e ,  h og s ,  and 
ch i ckens and other organ i c  waste products (e . g . , n i ght so i l , crop res i dues ) 
are p l aced i n  the d i gesters and al l owed to ferment anaerob i cal l y .  The 
fermentat i on process enabl es  a more effi c i ent convers i on of raw mater i a l s i nto 
energy/fert i l i zer/feed resources i n  the form of b i ogas -methane and s l urry­
s l udge than i f  the  raw manure and other organ i c  waste products were used 
d i rectl y .  We observed or heard about b i ogas -methane be i ng used as a fuel for 
home food preparat i on ,  l i ght i ng ,  water heat i ng ,  egg i ncubat i on ,  and Roul try 
and hog barn heat i ng .  The s l urry-s l udge i s  u sed as b i o - fert i l i zer ; 2 food 
for p l ankton wh i ch ,  i n  turn , i s  eaten by f i sh ;  and an i ngred i ent i n  hog 
rati ons  ( up to 1 5% of the concentrate) . 
3 .  Crop agr i cu l ture has trad i t i onal ly  domi nated each of  the study v i l l ages . 
Pri mary emphas i s  has been on food grai ns . Newl y i ntroduced crops i ncl ude 
vari ous fru i ts and ve.Jletabl es and mushrooms . Today , a l so , catt l e ,  hogs , 
bro i l ers , and l ayers2 pl ay an i mportant rol e i n  the p i l ot v i l l age econom i es . 
I n  add i t i on to produc i ng manure- -wh i ch i s  e i ther appl i ed to f i e lds  raw , 
composted pr i or to be i ng appl i ed ,  or b i ogas -d i gested pr i or to be i ng appl i ed - -
30 the l i vestock ( a )  generate con s iderabl e i ncome i n  the form o f  meat and 
mi l k  sal es  to m iddl e and upper- i ncome res idents of nearby urban areas and ( b )  
prov i de h i gher prote i n  d i ets for v i l l age peop l e .  The l i vestock consume 
l egumi nous forages , wh i ch are i ncl uded i n  crop rotat i ons  because  of the 
l egume s '  n i trogen - f i x i ng and other so i l - bu i l d i ng propert i es ,  and crop res i dues 
( e . g . , wheat straw , ma i ze stal ks) . 
28some villagers use composted manure as a plow- down before plan ting and 
diges ted-slurry as a side- dressing during the growing season . They report 
realizing benefi t from a slower , longer- las ting release of nu trien ts to the 
soil  with compos t and a more immediate release of nu tri ents from the diges ted 
slurry . 
29Ducks and clams proved unprofi table in one village and subsequently 
were dropped . 
30Limi ted quantities of dried poul try manure are included in ca ttle  and 
hog rations . 
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4 .  Four o f  the fi ve v i l l ages h ave fi sh ponds ; one al so has eel  pond s . Feed 
produced w i th i n  the v i l l age for the fi sh and eel s i nc l udes b i ogas - s l u rry and 
l i vestock manure ( v i a pl ankton)  and corn . The eel s are ra i sed i n  heated pool s 
w i th water that fl ows from hot spri ngs near to one v i l l age . The fi s h  prov i de 
cash i ncome from domest i c  sal es and i mproved prote i n content i n  the d i ets of 
some l ocal peopl e .  Eel s are a h i gh -val ue  product exported l i ve to J apan . 
S l udge taken from the bottom of fi sh ponds i s  used as fert i l i zer on cropped 
fi el ds .  
5 .  The fi fth v i l l age ,  l ocated i n  a mountai nous are a ,  i s  des i gned around a 
reforestat i on component- -wi th  terraced fru i t  trees , v i neyard s , and cedar trees 
i ntercropped w i th forage l egumes rotated w i th ma i ze ,  r i c e ,  wheat , and 
vegetabl es . Even w i th l and taken out of cu l t i vat i on because of the trees 
{ about 20%) and l and  converted from gra i n  producti on to forages , overa l l food 
gra i n  product i on has i ncreased . The forages support added l i vestock 
enterpri ses { e . g . , p i gs ,  rabb i t s ,  ducks , ch i ckens , goats for mi l k) to the 
poi nt ,  on the eco-farm we v i s i ted , l i vestock i ncome now con s iderab ly  exceeds 
crop i ncome . 
6 .  I n  the two v i l l ages for whi ch l abor data were reported {Doud i an and 
Guquan ) , from 80% to 85% of the ori g i na l  agri cul tural l abor force was reported 
to have s i nce transferred from agr i cul ture to rural i ndustry .  Rural 
i ndustr i e s  observed i n  the v i l l ages i nc l ude feed and fl our m i l l  proces s i ng ;  
soft dri nk and food process i ng ;  corn starch , 31 pharmacy product , garment ,  
bri ck ,  p l ast i c ,  el ectri c transformer,  and hand i craft manufacturi ng ; and beef 
col d  storage . 
7 .  The cap i tal  for operat i ng and i nvestment purchases i s  al most enti rel y  sel f­
generated w i th i n  the v i l l ages . Government subs i d i es and bank cred i t  are of 
very l i m i ted importance . 
8 .  Obta i n i ng sound before- and after-project i nformat i on on cap i ta l  
i nvestmen t ,  l abor earn i ngs , and overal l v i l l age net i ncome i s  i n herentl y  
d i ff i cu l t  from oral presentati ons , espec i al ly  when i nfl at i on  and exchange rate 
changes need to be factored i nto the nomi nal  monetary data reported . I ,  
therefore , do not attempt to report spec i f i c  i nformat i on refl ect i ng the 
economi c benefi t from the p i l ot eco l og i cal  v i l l age experiments . I t  i s  c l ear ,  
however ,  that s i nce the establ i shment of the p i l ot ecol og i cal v i l l ages , 
i nvestments i n  l ocal cap i tal a s sets have i ncreased many - fol d ,  gra i n  product i on 
has i ncreased substant i a l l y ,  and both non -gra i n  agri cu l tural product i on and 
rural i ndustry i ncome now greatly exceed the val ue of grain product i on i n  the 
three eastern Ch i na wel l - establ i shed ecol og i cal  v i l l ages .  2 
I n  s ummary , the product i on systems i n  these p i l ot ecol og i ca l  v i l l ages 
are characteri zed by an i ntense recyc l i ng of resources wi th i n  the respect i ve 
l ocal econom ie s  and many i ntertw i ned l i nkages  between and among enterpr i ses i n  
31The was te from the corn starch factory is used as feed for hogs . 
32Rural industry did not appear to be prominen t in the Dazu experimental 
village in southwestern China . 
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the respect i ve v i l l ages . Level s of product i on and i ncome i n  these p i l ot 
v i l l ages h ave i ncreased a great deal . The agr i cul tural  and overal l econom i e s  
h ave become more d i vers i fi ed ,  w i th  resu l tant added protect i on aga i nst 
product i on r i s ks and a broader range of i ncome - earn i ng al ternat i ves  from wh i ch 
farmers  and l aborers can chose . 
Though not systemat i cal ly  analyzed , i t  appears that the con s i derably 
i nten s i f i ed producti on systems do not requ i re purchase of more external  
resources than were requ i red i n  the before -project s i tuat i on s  in  the v i l l ages . 
Cheng ( 1 990 ) reports i n  one of the p i l ot ecol og i cal v i l l ages  that i nten s i ve 
crop and l i vestock farm i ng has resul ted i n  ne i ther groundwater and a i r  
pol l ut i on nor a damage t o  bas i c  so i l  fert i l i ty .  Comparabl e i nformat i on i s  not 
avai l abl e for the other p i l ot ecol og i cal v i l l ages . 
I n  terms of fuel energy sources ,  however ,  dependence on external  sources 
i n  the p i l ot v i l l ages has defi n i te ly  decreased i n  the p i l ot ecol og i ca l  
v i l l ages . Vegetat i ve cover of the so i l  has i mproved in  the v i l l ages , and 
al ong w i th  that so i l  eros i on control has i mproved . Added l oca l  f i sh and 
l i vestock product i on ,  accompan i ed w i th i ncreased l evel s of personal i ncome , 
h ave a l so contri buted to i mproved d i ets  for at l east some peopl e i n  the 
v i l l ages . 
Because prox i m i ty to urban centers can enhance the econom i c v i ab i l i ty of  
l i vestock and hort i cu l t ural enterpr i ses , one  must be  careful i n  general i z i ng 
from the experi ence of the p i l ot ecol ogi cal v i l l ages we v i s i ted . I n  these 
case v i l l ages , however , it appears that the somet imes  reported trade -off that 
can make d i ff i cu l t the s i mu l taneous ach i evement of  both product i on and 
envi ronmental goal s may not app ly .  Product i on and i ncomes have been greatly 
i ntens i fi ed i n  the p i l ot ecol ogi cal v i l l ages . In  some respects , env i ronmental 
cond i t i ons have i mproved . I n  other re spect s , envi ronmental cond i t i on s  may or 
may not have changed . I wou l d  s uggest that determ inat i on of  i nteract i on s  
between product i on and envi ronment i n  p i l ot ecol og i cal  v i l l ages i s  a 
part i cu l arly h i gh pri ori ty top i c  for the next generat i on of  research i n  C h i na . 
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ANNEX B 
SELECTED DATA ON CHINA'S GRAIN PRODUCTION 
Ch i n a ' s  gra i n y i el d s tend to be h i gh rel at i ve to those i n  many other 
countri es and reg i ons i n  the worl d .  Comparati ve d at a  for 1988 for total 
cereal s col l ect i ve ly and Ch i na ' s  three ma i n  cereal s - -wheat , r i ce ,  and ma i ze - ­
are shown i n  Tabl e A . I .  Rel at i ve t o  the worl d o n  average , Ch i na ' s  total 
cereal average y i e l d  of 3 . 9  t . /ha . i s  58% h i gher ; her i nd i v i dual crop y i e l d s  
are from 1 6% {ma i ze) t o  60% { r i ce)  h i gher . Compared to  t h e  rest o f  As i a ,  
Ch i n a ' s  total cereal average y i e l d  i s  5 1% h i gher; her i nd i v i dual  crop y i el d s 
are from 33% {wheat) to 56% { r i ce) h i gher . 33 
Tabl e A . l .  Cereal gra i n  yi el ds ,  Ch i na and sel ected countri es  and worl d 
regi ons ,  1 988 . 
Country/regi on 
Ch i na 
Japan 
I ndones i a  
I nd i a  
Mex i co 
Un i ted States 
As i a  
Worl d 
Source : FAO ( 1 989 ) . 
Total 
cereal s 
3 , 92 2  
5 , 429 
3 , 642  
I ,  7 1 1  
2 , 200 
3 , 7 1 5  
2 , 598 
2 , 483 
Y i el d  { kg.Iha . )  
Wheat 
3 , 0 1 7  
3 , 62 1  
n/a 
1 , 995 
4,  I l l  
2 , 29 1  
2 , 263 
2 , 3 1 4  
Ri ce 
5 , 304 
5 , 825  
4 ,  1 40 
2 , 487 
3 , 500 
6 , 178 
3 , 402 
3 , 3 20 
Ma i ze 
3 , 730  
1 , 800 
2 , 082 
1 ,  2 7 1  
1 , 73 5  
5 , 3 1 1  
2 ,  773 
3 , 202 
Ch i na ' s  total cereal average y i e l d  i s  6% h i gher than the U . S . ' s ,  8% 
h i gher than I ndones i a ' s ,  78% h i gher than Mex i co ' s ,  and 2 . 29 t i mes a s  h i gh as 
33carter and Zhong (1988) report the area sown to hybrid ric e  varieties 
in China to have increased from 4 . 33 million ha . in 1878 to 6 . 75 mil lion ha . 
(about 20% of the total rice sown area) in 1983 . They report hybrid rice 
yields to be 1 7% higher than the average of total rice in China in 1 982 . 
Lin (1989) reports that hybrid rice s tarted to replace dwarf varieties 
of ri c e  in 1 9 76 .  By 1 986 , 28% of the rice area was sown to hybrid rice . 
Barker and Herdt (1985) consider the innovation and commercialization of 
hybrid rice  in China to be the most important achi evement in rice breeding in 
the 1 9 70s . 
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India's . The same general pattern of relationships holds for the individual 
crops, except that Mexico's average wheat yield is 36% higher than China's, 
the U . S.'s average rice yield is 16% higher than China's, and the U.S.'s maize 
yield is 42% higher than China's. On the other hand, China's yields are lower 
than Japan's for total cereals {28°�), wheat {17%), and rice (9%). 
Barker, et al. {1982) report a long-term 1955-1957 to 1977-1979 annual 
growth rate in China's grain production of 2.4%. Perkins and Yusuf (1984) 
report the following annual growth rates in China ' s  grain production: 3.5%, 
1952-1957; 0.0%, 1957-1965; 3.9%, 1965-1975; 2.8%, 1975-1980; 2.1%, 1957-1980 ; 
and 4.9%, 1982-1983. The World Bank (1985) reports the gross value of 
agricultural output in China from 1979 to 1985 to have grown at an annual 
average exceeding 7%, or more than twice the rate achieved over the previous 
two decades. Carter and Zhong (1988) report a 2.5% annual growth rate in 
total grain production between 1952 and 1978 and a 4 . 95% annual growth rate 
between 1978 and 1984. Johnson (1989) reports a 7.7% annual growth in gross 
agricultural output in China for 1979 to 1984. Greer {1989) reports China's 
net annual agricultural growth rate to have been 7 . 7% between 1978 and 1984, 
compared with 3.0% during 1971-1980. 
Perkins and Yusuf {1984) report annual growth rates in yields in China 
from 1955-57 to 1979 as follows: 4.0% wheat, 3.4% corn, and 2.1% rice. 
Halbrendt and Gempesaw {1990} report wheat yields in China to have increased 
6.9%/yr. between 1980 and 1987. 
Perkins and Yusuf {1984) explain the growth of China ' s  grain production 
until 1979 as being due to an increase in the use of modern biological {e.g . ,  
chemical fertilizers, improved plant varieties, timely supplies of water, 
pesticides and other farming practices) and mechanical inputs. Lin {1988) 
estimated that 45% of the increase in agricultural output in China between 
1980 and 1983 was due to the adoption of the rural household responsibility 
system, with the remainder attributed generally to price increases and 
improved technology. Carter and Zhong {1988) indicate that policy changes, 
such as price incentives, the rural household production responsibility 
system, and the free market were "largely responsible" for post-1978 yield 
increases; they also draw attention to improved crop varieties, increased 
tubewell irrigation, and expanded use of inputs (primarily fertilizer). 
McMillan et al. (1989) estimate that 78% of the increase in agricultural 
productivity in China between 1978 and 1984 can be attributed to the incentive 
effects of the new responsibility system and 22% to the incentive effects of 
the higher prices. Stone (1989, 3) presents a rather contrary explanation for 
recent grain production increases in China: "Complementing substantial 
developments in water control and extended use of high-yielding crop varieties 
from 1950-80, increased fertilizer supplies--not prices, incentives, or the 
responsibility system--were primarily responsible for the remarkable 
performance in foodgrain production during the last decade." 
